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(57) Abstract: 

PROBLEM TO BE SOLVED: To 

obtain a GaN LD with low noise 

and a stable lateral mode capable 

of a long-life continuous PdZn/Au 

operation by forming a contact 

layer made of BP or GaN or SiC 

between a double heterostructure 

part and an electrode surface 

feeding a heterojunction strutured 

part with an operating current. 

SOLUTION: A buffer layer 3 is 
formed on a substrate 2 and after 
annealing step, a contact layer 4 
made of Si doped n-GaN is 
formed. Next, the first clad layer 
5, a waveguide layer 6, a light 
emitting layer 7, the second clad 
layer 8, a saturation absorbable 
layer 9, the third clad layer 10 are 
formed furthermore, the second 
waveguide layer 1 1, the fourth 
clad layer 12 and an Mg doped 

intermediate contact layer 13 are H""A4N 

successively formed. Next, the 

other contact layer 14 made of 

Mg doped p-BP is formed on the 

intermediate contact layer 13 

between the projecting striped Ti/Pt/All - 

waveguide layer 1 1 and the fourth 

clad layer 12. The thickness of 

this contact layer 14 is equivalent 

to the distance from the surface 

of the projecting stripe to the 

bottom of a current feeding 

electrode 1 5 on the topmost part. 
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[0 0 3 5] JrlEroflSitic^T. jRl3TttJB6«>J9$ 
0. 1~0. 2 Aim^ ^2^r^@2 6ro/?$ 0. 05 
Mm<t "9 tJSvWii, Ga I nNI*irtroiE?Lff? ; ia 

m&4**#^fciMc % m 1 6 i^3ts 7 1 ©mo 

* i 6 T-0X£?Lroffi&-££*m-r-5 r i S 

ri'lCtS, P -GaNH^l2iiSEl2 6liJtfg 

t <Dm<DWJ£fe'T*:<&k-tZ> r. <h #T-# So 
[0 0 36] -^maWttilM 9 K)«#T?»ig LitGH z £A 
±0) B BIHIXftft*£ C , 3tB»ft 9 SI <9 3tf c J; S ■ 

l±, StfE^riSfWRiWi 9 £ttSHBJtA 2 9 U £ 

r^f m<n&mmm.\z. x. <o muelDv led r. 

t^T^So 

[0 0 3 7] iIt@j:nI(Dli2 5{CAuGe : 
0. lfim, Au:0. 5fim, pM<omM 3 1 id P 
d:0..5jjnKCr:0. Urn, A u : 0 . 5m 
m, &Mj&&'&*m&fXJtte'£mtfXtpX-4 0 0~8 

[0038] JilECO <t 5 {-G a Nm»SPSjtg 2 9 

i LTS»Mn & K— Mn & K— 7° 

i~S r i 5c I^^fJcbuSEG a NW&fflJfcJI 2 9 

1 0 2 ~1 0 3 /cm«omS^3t®J|X^S:^-t-ot5t' 

<75^F^PUhS 2 9 ^oma*m%0\±. M n £JWIC t>iS 

TttS U S e, 7^t^tLTIiZn, Cdft£2S 
feSo CtHW|BlB#^jnt.ll^^l^S)'5o Mx.^ 

9, I^IS&WCiHriW&mSrt:^ Mit-h^UT* 

ifcSo 

[0 0 3 9] 07. [a8iiBUlEM3ro|U£ro?^liW^ 
WC&So ®7{CjoVNT«3V^^ h^i LTp-BP 
1 7 2rfflV">TV , >So 8 JcjoV>-CJ±=J ^ HJit 

LTA 1 Sr^Sf-a^jnLfcp-S i C£ffll<vri^So 
BPtS i C >b*{cra^jS^-e&-5yti6Jti!?6<]Jt!»iCl 
2 s 'h£ < , i}*r>l&l(0®®ifflfl-X%^<nX' p-AlGa 
Nl2i>7^ KJS2 7, p-Ga Nfffl^V^ hJi2 
8<£>Jf:£&j$< LT*>. Ml 3 2 <753t®UJWg? 

So ttl5iE(Oii"9BP-e(iGaNJ;i9'bfajf^/jN$V^ 
^ h!S2 8W/?$SrS(CS^<-C'#5ffJ.^fo5o #*5EI 
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8 \ZjfrtS£iSW^tts SiCa>-^:?hjl32 

fcx&^icn&^l-s r. fc#-e# a. 

10 04 01 H10H2H8W©LD, LED$rft*ft-S 
S 0 6 1 (Dftmai. TjO-tUr^ 6 4i*E 

io atefu s i cjS*S1S6 7asawa*— aK^-fc^e 

4 ro±(c:*£B£;ftSo jtf^-tHr:/* 6 4 liiBiJi&=i 

-f ^ 6 5 (C ot "9 9^|Al4Rl So 7 0>iE£ttSMS 

2*6 e&ffli/vcaSJtSJ-u If3yhD-7 (0*^4x 
TV^^V^) (CofJ^^n-S,, *^LD, LEDti 

[004 1] Si CI$.S:WR 6 7 $r^7— jtfV-tHz:/* 6 
4»C«WLfe«» ^iAP 6 2^P>iS^7K^^l 1 
/m i n«AU ^^6 1 <D±%&W%l-r?>° 

20 x$mo 6 3 & n— ^ y tkv^jc^ml.. sie»rt»<o 

JE^jS: 10~100torr (O^ffldfS^rS, 
[0 0 4 2] S i Cfig*Slg6 7$ttKI^' : P-C , 1 5 0 0^ 

jdns»L«ffiS:fiHiKtra. m^msfiMM* 1 o 5 o~ 

1 4 0 0tlCtTL x tK^^.{-NH 3 N 2 H 4 
^f^.. X»±N*r&trtPMMk^»» (CH 3 ) 2 N 

2 H 2 ?r^A-rs<b*{c, W«^JSfb^-^S:^AL^ffi 
^S^rfTPc Gate-a-i&iL-ai, MittfGa (CH 

3 ) 3 XiiGa (C 2 H 5 ) 3 Sr^AbT^SSrfTP. 
A 1 Vc&Vak LTIi. fd^ltfA 1 (CH 3 ) 3 XliA 1 

30 (C 2 H 5 ) 3 x I n-fb^feiUTH:, I n (C 

H 3 ) 3 Xlil n (C 2 H 5 ) 3 SriALTA 1, In 

r^j^a-tSo 

[004 3] ^MSM«iAlI(OflC|G|-2: LTI±, nW^moM 
h LTS i *Sffl5*, 0>Jx«S i H 4 , W^JSS i fb 
-a-^j, •eaRiis i (CH 3 ) 4 , X«H 2 Se^S$> 

ttftHzn (ch 3 ) 2 s££fiyrrso j^m?r^io-rs 

I n 9 &*J|s*:3Mrr * feftln Sr^tf® Sr^^T 

(CH 3 ) 2 N 2 H 2 SrfflV^«. 

[0044] pJg^^OJSttfMsS^f«rt-«fc*K 

So zoytcib, fiz&Mmfrbftm-tzm. 7oo~8 5 

^nwT^jas-cji^fStt^^^T'^-rs r. fc t J: t) 
50 7K3fcw&A£fflift;!i-t-s„ pw^mfa<Dmmtm*:fribz> 
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^ayttSr^kKRjh-ra r. 4it»» 9 o o~ 
1 2 b o , ct?roiSffliKWBaa*'HreBT?*)* tf •?-?*<, 

[0 0 4 5] «fi^*0 ! ac7?Srft:^{i^<Oi!i'9T-JfoSo JR 
LTNH 3 1 X 1 0 _3 m o 1/ra i n> G a (C 
H 3 ) 3 felX10" 5 mol/min, Al (CH 3 ) 
3 Srixi o- 6 mo 1 /m i niALtsgSSrff 5. & 
tSiaSli 10 5 Ot, BE^J 7 6 t o r r . IBC^-* 10 
iilil 1/min, nJWEfeiLTS iiSe, p 

J^|B|-jtf^J4S i H 4 . H 2 S e, Cp 2 Mg> -/n^V 

[0046] G a N3R^7 1 ti«i6«S:*S«» .3*frftfli 

|B|=iV** hJRl 3, I4^7?K112, GaNf2 

I5G a N^2i«i 1 1 S^tpi^y^-V^bTiJHg 

rt-c\ nh 3 i**tr£tr#^*"rmaa& 1 0 0 o~ 

[0 0 4 7] 2k(-®K?afi?rl 1 00-1 2 5 0tirg 
SU S^#iCv ? 7K7Vi*^7'>f ySr^ALT p -B 
P a ^ bM 1 4 SrjSS-fSo p tLT fi±M 

g, Zn, nJB^WSfeiL-CllS'U Se&fflV^c 0 30 
6 IC^-r <£ 5 (Cg^fc p-GaN^^^ 3 0 &f$. 

9^>SrasK?^yuif)TiBA4 0 0 
~1 0 0 OX., £J*L-<{26 0 0 — 8 0 OXX'WMm-t 

[00481 011 t^Ma^B<73ffiJ&roMi£3r^-ro 

^BLTHfjiaroi^a^fi 1 5o #Rii0 1 t-^-r «t 5 

[0 0 4 9] 

<t 0 )mfc**m\Z.m$L Ltz B P . G a NXIi S i C & 
HBiL-Cffl^<5£ttCj:9, G a N5&WfeL 
D, LEDro»fWtffiSr<S»U *#^<Oi§i^®J^Srll 50 
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[0 0 5 0] BP. GaNXttS i CA>^4«E«£fflJh 

[00 5 1] *fc3B3fc)lfcG a I nN&aSrfflVV SiSfS 
HJhfi&tf > * * hffi*ttei*<ofc*OT«|sHc: B P . G 
aNXliS i CSrJBl/VT\ 3§}tg i: <73P^co££fffl?PIc^ 

*:3tHCiiii>JlKGa I nNiU&»<bJA<5iififfa9MXJI 

n t j: o % g Bna^ttf^*<sm«nftA 

&mm L D r. 1 5o 
[®E^W<etft^] 

[0 1 ] *5$ffl<v% 1 ro^JSro^co L D(7>ffiit^*-r 
&Br®0„ 

[®2] *&w<Dm i (omj&nMmnmMM&^irmm 

0o 

[03] gtS&fifefe L,fc*38?B0> L DflESoaSBfclS^ 

[04] *$£me>m i roH3Sw?i5ffiofliico^^j5r^-r 

Wf®0o 

[05] ^W©«2©iafc^l»roLD«o«ift*r*rt- 

»f®0o 

[06] *^»^3CD^5fe(7)^(73LD(7)ffiJS^-t- 

»f®0c 

[07] #3PJ3 »^ 3 ©|QS©JI?i(73WJ Sr*-f»fB 

0o 

[08] <7>m 3 (Dmrnm^m^m^^M^ 

Itfrili. 

[09] WBTS3t®Wi«0 L D co«i^^:^i-»f®0 o 
[010] $$m<Z> LD, LED <7)ffiiJ^S(73ffi^;Sr^ 
i"»fB0o 

[0i i] ^^cold, LEDfgytn.aisewffi^;^ 

-TB&0C 

1 Ti/Pt/Auii 

2 n -S i C2£K 

3 n-AlN^7rl 

4 n-GaNll3^?M 

5 n-AlGaNfl^^yKl 

6 n-GaN^l^^ 

7 Gal nN&Jtm 

8 p — A lGaN®2^7^ 

9 p -G a I nNWTfia?P®ilD?Ji 

10 p-AlGaNg3?75-h'l 
1 1 p-GaNl2» 

12 p-AlGaN^^yKi 

13 p + -GaNW = ^# HJi 
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n-GaAs^iy77i 


1 5 


P d Z n/Auli 
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n-Al GaAsf lPflCii*! 


1 6 


n-BPS«cP£lh/i 




3 7 


Gain P383fcjf 


1 7 






3 8 


p-A 1 Ga I nP^2KCii* 


1 8 


T i/NiS 




3 9 


n-Ga A s saaaitji 


1 9 


n-S i CTMKttlBJhJi 




4 0 


P + Galn Pffflra^;?^ hJI 


2 0 


p-GaN|2^i 




4 1 


p — G a A s ^ >^ ^ hJi 


2 1 


p - A 1 G a NfS 3^^y KJi 




4 2 




2 2 


p-GaNJB3»KJi 




4 3 




2 3 


n-GaN«Kffil&lkJi 
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6 1 




2 4 






6 2 


#;*3£AP 


2 5 


AuGe/Au^I 




6 3 




2 6 


P -GaNl2Si^l 




6 4 




2 7 


p-AlGaNl2^77hl 




6 5 




2 8 


p + GaN^^^ bM 




6 6 




2 9 


Ga N : MnfflSSRBihS 




6 7 




3 0 


p — G a N^y^ 7 ^ hJS 




7 1 




3 1 


Pd/Cr/AuSS 




7 2 


stasis 


3 2 


p-S i C : A 1 ^ls9 9 bB 




7 3 




3 3 


N i /A u US 


20 


7 4 




3 4 


n — Ga A s SstS 




7 5 





2 3 2 6 8 5 
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PdZn/Au 



p-AfiGaN- 
p-GoTnN 
p-AJteoN 
GalnN 



ri/Pt/Au 




PdZn/Au 




n-SIC 



[011] 



74 



ArN2 



HF 



f 



72 



73-v£ 



— T 
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[03] 



[0 4] 



PdZn/Au- 



p-A4GaN- 
p-GalnN 
p-AiGoN 
GolnN 



Ti/N 




PdZn/Au- 



p-A*GoN v 
p-GalnN- 
p-AiGaN- 

GalnN — ' 



Ti-AON- 



Ti/Pt/Au- 



p-BP 



n-SiC 
p-GaN. 



p+-GaN 



p-Al6oN 



n-GaN 
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-12 
II 



\ — 19 

JO 

~a 

^6 
~5 

-4 
-3 

-2 
-I 



[05] 



[06] 



p-AlGaN^ 
GalnN — 



n-AJM- 



p-BP 



,-24 



n-GaH 



p-gon 



p-AlGoN 

p-GON 



n-GaN 



n-AtGaN 



n-GaN 



n-SiC 



^n*i^~±^> s / s ; s s ; / s / s s ; s S ST7\ 



.23 

^20 

-7 
-6 



— 5 



-3 
-2 
-I 



[07] 



PdZnMu ■ 



p-Galnlh 
GolnN-"' 



fi»A8N- 



AuGe/Au- 



p-BP y 



GaN :Mn 



p+€oN — 28 

—27 



p-AlGaN 



n- GoN 



-AiGaN 



n - GoN 



n-SiC 



5 
17 



f-29 

x 26 
•7 
6 



--5 



3 
2 

25 



POYCr/Au, 



p-GalnN- 
p- GaN — 
GalnN 



n-AflN- 



p-GoN 



GaN: Mn 



p-GoN 



/ 

: -28 



p-AiGaN ~27 



n-GaN 



n-AiGoN 



n-GaN 



n- SiC 



-4 
"3 
-2 



-31 
-30 

-29 



.9 
26 

6 



—5 



[0 8] 



Ni/Au. 



GalnNv 
p-6aN- 

GalnN- 



n-AJN- 
AuGe/Au 



p-SiC: A£ 



GaN:Mn 



p-GaN 



p-A{GaN 



4—28 
27 



n -GoN 



n-AHGaN 



n - GoN 



-4 
-3 

n-SiC +-2 



-33 
'32 

-29 



i^26 
-7 
-6 



(1 0) 



4#flfl¥9 - 2 3 2 6 8 5 



[09] 



[Ell 0] 



GolnP- 



p-GoAs p*-GalnP 



n-GaAs 



7^ 

y p-AflGolnP \ 



n-AlfeaAs 



n-€oAs 



n -6oAs 



-42 
-41 



-1—39 

.38 
-37 

-36 
-35 



f-34 
43 



—62 



67 



66 64 
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